Diet indices represent an integrated approach to assessing eating patterns and behaviors. The aim of this study was to develop a comprehensive food-based dietary index to reflect adherence to healthy eating recommendations, evaluate the construct validity of the index using nutrient intakes, and evaluate this index in relation to sociodemographic factors, health behaviors, risk factors, and self-assessed health status. Data were analyzed from adult participants of the Australian National Nutrition Survey who completed a 108-item FFQ and a food habits questionnaire (n ¼ 8220). The dietary guideline index (DGI) consisted of 15 items reflecting the dietary guidelines, including dietary indicators of vegetables and legumes, fruit, total cereals, meat and alternatives, total dairy, beverages, sodium, saturated fat, alcoholic beverages, and added sugars. Diet quality was incorporated using indicators relating to whole-grain cereals, lean meat, reduced/low fat dairy, and dietary variety. We investigated associations between the DGI score, sociodemographic factors, health behaviors, chronic disease risk factors, and nutrient intakes. We found associations between the DGI scores and sex, age, income, area-level socioeconomic disadvantage, smoking, physical activity, waist:hip ratio, systolic blood pressure (males only), and selfassessed health status (females only) (all P , 0.05). Higher DGI scores were associated with lower intakes of energy, total fat, and saturated fat and higher intakes of fiber, b-carotene, vitamin C, folate, calcium, and iron (P , 0.05). This food-based dietary index is able to discriminate across a variety of sociodemographic factors, health behaviors, and self-assessed health and reflects intakes of key nutrients. J. Nutr. 138: 86-93, 2008. 
Introduction
Increasingly, whole foods (rather than nutrients), their combination in complex eating patterns, and their potential synergistic effects are being recognized as important in the prevention of chronic disease (1, 2) . This has led to the development of methods suitable for the characterization of total diet or dietary patterns. Two approaches to dietary pattern research exist: multivariate statistical techniques such as factor analysis and cluster analysis (also known as data-driven approaches) (3, 4) ; and the development of dietary scores determined by a priori dietary guidelines and recommendations (5, 6) . Diet indices represent a measure of ''healthy'' eating patterns and are known by various names, including diet quality indices or healthy eating indices.
Dietary indices or scores have certain advantages over datadriven dietary pattern approaches. They are based on existing knowledge of optimal dietary patterns and provide a clear nutritional benchmark. Consequently, diet indices may be easy to interpret and may therefore be more easily understood by the public (4) . Data-driven approaches often identify eating patterns that do not reflect guidelines or knowledge about optimal eating patterns and therefore, lack of associations with health and disease may not be surprising (7) .
Measures of diet patterns have a number of uses or purposes. For example, they may be used in monitoring and surveillance to assess how well people comply with dietary guidelines and to monitor trends in the population over time. They may also be used as predictors of disease or as a summary of dietary behaviors to investigate interactions with other health behaviors or confounding of other exposure-disease relationships.
Currently, there are 2 commonly used diet scores: the Healthy Eating Index and the Revised Diet Quality Index (8, 9) . Both of these are based on the U.S. dietary guidelines and include both food and nutrient-based indicators. Although they have been adapted for use in other countries by altering the cut-offs (10) , there has been little adaptation of the range of indicators to reflect the dietary guidelines in other countries or to focus solely on food-based indicators.
Food-based dietary indices have a number of advantages over those based on food and nutrient intakes. They retain the com-plexity of food intake and indirectly assess intakes of nutrient and nonnutrient components in food (11) . In addition, developing a food-based score may lend itself to further adaptation to short methods of dietary assessment that may be particularly relevant for use in monitoring and surveillance activities (12, 13) .
The aims of this study were to develop a comprehensive foodbased dietary index to reflect adherence to the Dietary Guidelines for Australian Adults (DGAA) 5 (14) , to evaluate the construct validity of the index using nutrient intakes, and to evaluate this index in relation to sociodemographic factors, health behaviors, and chronic disease risk factors.
Materials and Methods

Subjects and procedure
This analysis is based on data from adult participants ($19 y, n ¼ 10,851) of the latest (1995) Australian National Nutrition Survey (NNS) (15) (16) (17) . The NNS was conducted on a subset of participants of the National Health Survey (18) and was based on a multi-stage area sample of households in urban and rural areas in all states and territories in Australia. Ethics approval for the survey was provided by the Ethics Committee of the Australian Institute of Health and Welfare (17) . Detailed descriptions of the sampling and methodology used are presented elsewhere (17) . The NNS consisted of a single 24-h recall, a FFQ, and a food habits and attitudes questionnaire (FHQ). Physical measurements including anthropometric measures and blood pressure were taken and intervieweradministered questionnaires were used to collect information on sociodemographic details and a range of health behaviors, such as smoking and physical activity, and self-assessed health status.
Measures
Health behaviors and outcomes. Waist circumference, hip circumference, height, and weight were measured with standardized protocols and BMI was calculated (weight/height 2 ) (17). Blood pressure was measured twice, with the survey member seated after resting during the dietary recall using a Tycos Aneroid sphygmomanometer. If the systolic readings differed by .6 mm Hg and/or the diastolic readings differed by .4 mm Hg, a 3rd measurement was made. The mean of the 2 measurements (or the 2 closest measurements) was used for this analysis (17) .
Self-assessed health status was measured using standardized items from the SF36 questionnaire in which respondents are asked to rate their own health from excellent to poor. Regarding smoking, respondents were asked whether they currently smoked or if they had ever smoked. Physical activity was also assessed by self-report using standardized questions (19) . Respondents were asked whether during the previous 2 wk they engaged in any walking for sport, recreation or fitness, moderate exercise (apart from walking), or vigorous exercise; if yes, they were asked the number of times and the total amount of time spent for each exercise. These data were then used to derive an overall measure of physical activity.
Socioeconomic position. Two measures of socioeconomic position were investigated. The Index of Relative Socioeconomic Disadvantage (SEIFA) is an area-level indicator based on the economic resources, education, occupation, family structure, and ethnicity of households within a specific geographical area (census district) (15) . The lowest quintile represents areas with a greater number of families of low income and a greater number of people with little training or in unskilled occupations (15) . Equivalent household income is a derived index based on the individual dollar income of all members of the income unit, expressed as quintiles.
Dietary intake. The 108-item FFQ assessed usual frequency of intake of food and beverages during the last 12 mo. Each item had a choice of 9 frequency categories ranging from ''Never or less than once a month'' to ''six or more times per day.'' Frequencies of consumption were converted to equivalent daily frequencies. Because this FFQ did not include portion size, each eating occasion was assumed to represent consumption of 1 serving of the food (20) . The FFQ was a modified version of an existing validated questionnaire developed for use in Australian populations with additional foods included (21) . The FHQ consisted of questions on a range of food habits, including breakfast consumption, salt use, type of milk consumed, fat trimming from meat, and daily fruit and vegetable consumption. Questions on the FHQ have been evaluated and shown to be valid measures of food intake behaviors (22, 23) .
During the 24-h recall, information was collected on all food items and beverages that were consumed on the previous day. Across the study population, all days of the week and seasons were represented. The multiple-pass method consisted of the completion of a quick list of food and beverage items consumed, followed by the collection of detailed information for each item listed in the quick recall, and finally a review phase to allow respondents to report any foods that may have been forgotten (17) . The method was based on that developed by the USDA (24) . Nutrient intake was calculated by the Australia Bureau of Statistics using a customized food composition database (25) .
Dietary guideline index. A dietary guideline index (DGI) aimed at reflecting the DGAA was developed ( Table 1) . Indicators were identified for each dietary guideline with the development of cut-offs and food groupings guided by the Australian Guide to Healthy Eating (AGHE), which provides age-and sex-specific recommendations for the consumption of 5 core food groups (vegetables, fruits, cereals, meat and alternatives, and dairy) and ''extra foods'' (26) . According to the AGHE, extra foods are defined as foods that are not essential to provide nutrient requirements and contain too much fat, sugar, and salt and include foods such as soft drinks, cordials, fruit juice drinks, mayonnaise and dressing, chips, jam and marmalade, confectionery, chocolate, hamburgers, hot chips, meat pies, pizza, cakes and muffins, pies and pastries, puddings, ice cream, cream, biscuits, and all alcoholic beverages (26) . Diet quality was incorporated by inclusion of items relating to whole-grain cereals, lean meat, reduced or low fat dairy, and dietary variety. The AGHE was devised as a food guide aiming to provide recommended dietary intakes. Although the Australian recommended dietary intakes have recently been updated (27) , there is currently no revised food selection guide, and therefore the AGHE provides the most current food-based recommendations. Existing national recommendations for food-based nutrition indicators for saturated fat, added sugars, and sodium (28, 29) were utilized. We chose indicators based on available data items from the FFQ and FHQ, because these measures are designed to represent usual intake or behavior. A total of 15 indicators were included in the DGI.
Each component was scored from 0-10, 10 indicating that a participant was meeting the recommendation or had an optimal intake. The total score was the sum of 15 items so that the diet score had a possible range of 0-150, with a higher score reflecting increased compliance with the dietary guidelines. Cut-offs for maximum and minimum scores are detailed in Table 1 , with those participants consuming intermediate amounts scored proportionately as recommended (5) . For example, with respect to fruit intake, 2 servings per day (recommended amount) scored 10 points, 1 serving per day scored 5 points, and no fruit consumption scored 0 points.
A measure of dietary variety was developed based on consumption of food from the core food groups only (fruits, vegetables, meat/protein, dairy, and cereals). Variety within each core food group was defined as the proportion of core foods consumed at least once per week as a proportion of the total number of core foods listed of the FFQ. Each core food group was allocated a score out of 2 and total variety score was calculated as the sum of the score for each food group. This approach avoids the dominance of commonly used food variety scores by fruit and vegetables (30, 31) and avoids using data-driven cutoffs, such as the 11 quantiles used by McCullough et al. (32, 33) , which are population dependent and therefore not comparable between studies. This scoring approach is also analogous to that used by Kant et al. (31) in the development of the Recommended Food Score.
Fruit and vegetable intakes were based on responses to short questions about total fruit and total vegetable intake from the FHQ, which have been shown to be reliable measures of fruit and vegetable intake (34). Short questions based on nutrition monitoring and surveillance methodology have been used in dietary indices previously (13) . This approach avoids concerns about over-reporting of fruits and vegetables on FFQ measures (35) . The FFQ data on fruits and vegetables were used in the food variety component of the score as described above. Whereas fruit and vegetables are covered in 1 dietary guideline statement, we chose to separate these items into 2 index components to reflect the AGHE and recent recommendations on dietary index methodology (5). Cereal consumption was assessed using items on the FFQ. Whole-grain cereal consumption was assessed based on the consumption of whole-grain and whole-meal bread only, because the other cereal items on the FFQ (pasta, rice, and breakfast cereals) did not distinguish whole-grain varieties.
The dietary guidelines are intended to be considered in combination with each other and the indicators and cut-offs used in the diet score were developed to take this into account. For example, considering recommendations concerning added sugars and weight gain, only lowenergy soft drinks and cordials were counted as contributors to beverage or fluid intake and only lean items were counted as contributors to meat and alternatives intake. Similarly, guidelines for alcohol consumption provided in the DGAA are lower than the Australian Alcohol Guidelines (36), because they take into consideration the additional energy provided by alcohol and the implications for weight maintenance. Therefore, the DGAA guideline amounts and the Australia Alcohol Guidelines (36) were used to quantify the cut-offs. This also reflects recommendations for including alcohol in diet indices (5) .
Analysis
The current analysis is based on data from 8220 adults aged .19 y with valid data from the FFQ (,20 items with missing responses; n ¼ 228) (17) and complete responses to data items from the FHQ used in the 
Results
DGI scores differed for males and females, with females having a higher score (91.0 6 0.4 vs. 99.6 6 0.3, respectively; P , 0.05).
Females also performed better on many of the individual components of the DGI score ( Table 2) . Overall, there were few dietary guidelines that were well met by the study population. We identified significant associations between the DGI score and age, income, area-level SEIFA (females only), smoking status, and self-reported physical activity ( Table 3) . Older participants, participants with higher income, participants living in the least socioeconomically disadvantaged areas, nonsmokers, and those with moderate or vigorous physical activity levels had higher DGI scores.
Among men, the DGI score was inversely associated with the waist:hip ratio and systolic blood pressure ( Table 4) . Among women, the DGI score was inversely associated with the waist: hip ratio but was also directly associated with BMI, with higher DGI scores associated with higher BMI. The DGI was also directly associated with self-reported health status; participants reporting higher DGI scores also reported significantly better health.
Among males, higher DGI scores were associated with lower energy intake; lower intakes of total fat, saturated fat, and monounsaturated fat; higher intakes of fiber, vitamin A, b-carotene equivalents, folate, vitamin C, calcium, iron, and potassium; and a higher polyunsaturated fat:saturated fat ratio (P:S ratio) ( Table  5) . Similarly, among females, higher DGI scores were associated with lower energy intakes; lower intakes of total, saturated, monounsaturated, and polyunsaturated fat; and higher intakes of protein, fiber, vitamin A, b-carotene equivalents, folate, vitamin C, calcium, iron, and potassium. Energy-adjusted nutrient intakes showed similar results. In addition, higher DGI scores were associated with higher energy-adjusted intakes of protein, polyunsaturated fat, total sugars, and total carbohydrates among men, and higher energy-adjusted intakes of total sugars and total carbohydrates among women.
Discussion
This article describes the development and evaluation of a foodbased dietary index aimed at reflecting healthy eating pattern recommendations in Australia. The DGI showed variations across sex, age, measures of socioeconomic status, health behaviors, and some chronic disease risk factors, and reflected intakes of key nutrients such as total fat and saturated fat, fiber, b-carotene equivalents, vitamin C, folate, calcium, and iron.
This work shows that compliance with the dietary guidelines as measured by this index is generally poor in this study population, a finding that is consistent with previous work in Australian women (20) . The current findings extend these observations to men and highlight that on average, women have more favorable diets. In addition, older participants, participants with higher income, participants living in the least socioeconomically disadvantaged areas, nonsmokers, and those with moderate/ vigorous physical activity levels had the highest DGI scores. These findings have important implications for nutrition promotion in identifying target groups for intervention. It is important to note that for some indicators, no participants met the ''optimal'' intake (e.g. food variety, lean meat). This may be partly due to the methodology used. There are no quantitative targets for these guidelines and alternative approaches would have required the use of arbitrary or data-driven cut-offs such as those used by McCullough et al. (37) .
Diet quality as measured by the DGI was associated with age, measures of socioeconomic position, and other health behaviors. Younger adults had poorer diets than older adults, with higher DGI scores at younger ages in females compared with males. This is consistent with reports of diet quality among adults in the United States and elsewhere, although not all studies have stratified by sex (13, (38) (39) (40) (41) . However, longitudinal studies are required to investigate whether dietary quality improves across the life-course. These results are also consistent with previous studies suggesting that lower socioeconomic position is associated with poorer diet quality and that health-related behaviors cluster together (42-49). An index of healthy eating patterns 89
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The DGI was shown to be significantly associated with intakes of key nutrients in the expected direction, based on data from an independent measure of dietary intake. Total sugars was not associated with DGI score in either men or women. However, the DGI included indicators of the intake of added sugars, but food composition data for added sugars in Australia are not currently available and total sugars includes those present in fruit and milk (foods associated with healthy eating as defined by the AGHE). It should also be noted that the DGI represents a range of eating behaviors and some components of the DGI will not contribute variation to all the nutrients examined.
The significant association between higher DGI scores and higher BMI among women is difficult to explain but may be related to the cross-sectional study design and reverse causality (i.e. overweight women adopt a healthier diet to lose or manage their weight) or dietary under-reporting among those with a higher BMI (50, 51) . Some previous cross-sectional studies of 1 Data are regression coefficients and 95% CI multiplied by 100 and adjusted for age, income, SEIFA, smoking status and physical activity. 2 Systolic and diastolic blood pressure also adjusted for BMI. Participants reporting using blood pressure medication were excluded from the analysis. 3 A randomly selected subset of the NNS study population completed the question regarding self-assessed health (males, n ¼ 1849; females, n ¼ 2268).
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by guest on October 14, 2017 jn.nutrition.org diet quality have also found similar results (5, 13, 40) and studies investigating dietary patterns derived from factor and cluster analysis have also shown mixed results in relation to their associations with overweight and obesity (52) . Few published studies have investigated the relationship between dietary patterns and self-reported health status. Osler et al. (53) identified a prudent pattern using factor analysis methods that was directly associated with self-reported health status and mortality. The current study showed a direct association between the DGI and self-reported health status and some, but not all, chronic disease risk factors. It is possible that the risk factors assessed relate to longer-term dietary patterns that are not reflected in the cross-sectional NNS data, whereas perceptions of health status and health behaviors such as diet are more closely related temporally. An alternative explanation is that dietary intake and self-reported health are susceptible to similar reporting bias and that the association reflects a tendency to report both diet and health as more favorable than they really are. It is possible that this bias is greater in women, resulting in the different findings for men and women. Further investigation of the DGI in longitudinal studies is required to answer these questions.
The lack of associations with some risk factors is consistent with previous studies of diet indices (5, 54) . It may result from the cross-sectional nature of the study or may reflect a lack of variation in the population and the fact that too few subjects are consuming an ''optimal'' diet. It must also be recognized that not all of the dietary guidelines relate to each of the health outcomes investigated (e.g. obesity and measures of salt consumption). Although this study has shown that the DGI has construct validity with respect to nutrient intakes, it highlights that further work is required to determine whether this index has predictive validity with respect to health in longitudinal studies (55).
As described previously, a limitation of this study is its crosssectional design. There are also other limitations with respect to the available data for use as indicators. For example, there is limited information on whole-grain intakes in the Australian population and the best way to measure them at a population level. A limitation with the short questions on fruit and vegetable intake in the NNS is that the response categories do not fully reflect the quantitative guidelines for fruits and vegetables. In addition, measures of salt intake were limited to intake used in cooking and at the table and although these are currently used in monitoring surveillance in Australia (28, 29) , development of additional indicators to adequately reflect salt in processed foods is required. The lack of portion size data on the FFQ is also a limitation of this study. However, the index could be modified as the methods for measurement of dietary guideline indicators are improved and applied to other data sources.
Strengths of this study include the large, nationally representative study population, the use of measures of usual dietary intake, the objective health measures, and the ability to investigate construct validity by comparison with nutrient intakes. The focus on food-based indicators is also a strength of this study. A recent review of diet index methodology has recommended that diet indices should be food based (5) . A focus on food intakes acknowledges the complexity of dietary patterns and the nutrient and nonnutrient components of the diet (11) . A further strength of this index is the incorporation of additional measures of diet quality. The concept of diet quality extends beyond quantitative assessment of macro and micronutrients (56) to whole foods and types of foods and dietary variety. These aspects of diet quality have been incorporated in the DGI. Development of a food-based score may lend itself to further adaptation to short methods of dietary assessment that focus on food intakes rather than de- tailed measures of intake (12) and therefore may be particularly relevant for use in monitoring and surveillance activities (13) . This dietary index is an improvement on previous food-based scores, because it includes measures of over-consumption (57) . In addition, we used age-and sex-specific cut-offs where they are available to incorporate variations in requirements (26) . This is important because consuming more food overall likely results in higher intakes of many nutrients (5). Food-based diet indices also reflect the move toward food-based dietary guidelines (58) and are most similar to other methods of assessing dietary patterns (3). Diet indices or scores, such as the DGI presented here, are integrated measures of healthy eating patterns and have a number of potential uses or purposes. When based on dietary guidelines, they represent the best available evidence and consensus of what constitutes a healthy diet. They can be used in epidemiological studies either to investigate associations of overall healthy eating patterns and health outcomes or investigate interactions with other health behaviors or as a confounder in other disease (33, 59, 60) . Diet scores can be used in monitoring and surveillance to assess how well people comply with dietary guidelines, to monitor trends in the population over time, and to target diet and nutrition messages for the public (13) . They may also have important uses in studying the behavioral determinants of healthy eating patterns where an integrated measure of diet can be used as the outcome of interest.
This dietary index, based on the recommendations for healthy eating in Australia, is able to discriminate across a variety of socioeconomic factors and reflects intakes of key nutrients. Further work is required to investigate the ability of this index to predict health outcomes in longitudinal studies.
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